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RU VWUHQJWKWRZHLJKW UDWLR:LWK WKH LQFUHDVHGXVHRIFRPSRVLWHV LWKDVEHHQXQGHUVWRRG WKDW WKHLUGHIRUPDWLRQV LQ
WHUPV RI IDWLJXH LV PRUH FRPSOH[ WKDQ WKDW RI PHWDOV $OWKRXJK IDWLJXH EHKDYLRU RI FRPSRVLWHV KDV EHHQ VWXGLHG
H[WHQVLYHO\OLWWOHDWWHQWLRQZDVSDLGWRRSWLPL]DWLRQRIFRPSRVLWHVXQGHUIDWLJXH
,QWKLVVWXG\DQLPSURYHGPHWKRGRORJ\LVSURSRVHGWRILQGJOREDOO\RSWLPXPGHVLJQVRIFRPSRVLWHODPLQDWHVVXEMHFW
WR JLYHQ LQSODQH ORDGV IRU PD[LPXP IDWLJXH OLIH )RU WKLV SXUSRVH D SDUDPHWULF IDWLJXH OLIH SUHGLFWLRQ PRGHO
SURSRVHG E\ )DZD] DQG (OO\LQ ZDV FRXSOHG ZLWK D JOREDO RSWLPL]DWLRQ WHFKQLTXH 3DUWLFOH 6ZDUP 2SWLPL]DWLRQ
362 ZKLFK LV D PHWDKHXULVWLF RSWLPL]DWLRQ DOJRULWKP 7KH QXPEHU RI GLVWLQFW ILEHU RULHQWDWLRQ DQJOHV DQG WKH
QXPEHURISOLHVHDFKODPLQDFRQWDLQVZHUHSUHGHWHUPLQHG7KHILEHURULHQWDWLRQDQJOHVLQHDFKOD\HUZHUHWDNHQDV







,Q WRGD\¶VZRUOG GXH WR VHYHUDO DVSHFWV OLNH OLJKWQHVV DQG VWUHQJWK WR VWLIIQHVV UDWLR FRPSRVLWHV DUH
XVHGLQPDQ\VWUXFWXUDODSSOLFDWLRQVDQGDVDUHVXOWXVDJHVRIWKHPDUHFRQWLQXRXVO\LQFUHDVHG%HFDXVHRI





LI WKH DELOLW\ RI WKH SUHGLFWLRQ RI IDWLJXH IDLOXUH OLIH XQGHU YDULRXV ORDGLQJ FRQGLWLRQV LV GHWHUPLQHG
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DFFXUDWHO\ WKHQ WKH XVDJH RI WKH FRPSRVLWHV ZLOO LQFUHDVH 7KLV FDQ EH DFKLHYHG HLWKHU WKURXJK
H[SHULPHQWDOFKDUDFWHUL]DWLRQRUE\XVLQJSUHGLFWLYHWRROV([SHULPHQWDOVWXGLHV>@UHODWHGWRIDWLJXH
EHKDYLRU RI FRPSRVLWHPDWHULDOV DUH YHU\ H[SHQVLYH DQG WLPH FRQVXPLQJSURFHVVHV0RUHRYHU LW LV QRW
HDV\ WR JHQHUDOL]H WKH H[SHULPHQWDO UHVXOWV +HQFH HYHQ LI PRVW RI WKH H[LVWLQJ LQYHVWLJDWLRQV DUH
SULPDULO\H[SHULPHQWDODQGDOVRREWDLQLQJUHOLDEOHIDWLJXHOLIHSUHGLFWLRQVDUHGLIILFXOWGXHWRFRPSOH[LW\
RI WKH FRPSRVLWH VWUXFWXUH DQG IDWLJXH IDLOXUH GHIRUPDWLRQPHFKDQLVPPRGHOLQJ LV JHQHUDOO\ DWWUDFWLYH
ZD\IRUVDYLQJWLPHDQGH[SHQVHVLQWKHIDWLJXHGHVLJQRIFRPSRVLWHODPLQDWHV%HFDXVHRIWKHVHODFNVLQ
IDWLJXH OLIH DQDO\VLV FRPSRVLWH VWUXFWXUHV WKDW DUH VXVFHSWLEOH WR IDWLJXH IDLOXUH DUH JHQHUDOO\ RYHU
GHVLJQHGWRHOLPLQDWHFDWDVWURSKLFIDLOXUHDQGDUHWKHUHIRUHOHVVWKDQRSWLPXP>@+RZHYHUWRHOLPLQDWH
RYHUGHVLJQHG VWUXFWXUHV UHVHDUFKHUV FRPELQHG H[LVWLQJ DSSURDFKHV RI PRQROLWKLF PDWHULDOV ZLWK









IDWLJXH OLIH %HFDXVH )DZD](OO\LQ HPSLULFDO OLIH SUHGLFWLRQ PRGHO UHTXLUHV MXVW D IHZ FRQVWDQW ZKLFK
PHDQV VLJQLILFDQWO\ ORZ H[SHULPHQWDO HIIRUWV DQG DOVR LW LV D JHQHUDO PXOWLD[LDO IDWLJXH OLIH SUHGLFWLRQ
PRGHOIRUILEHUUHLQIRUFHGFRPSRVLWHPDWHULDOVZHXVHG)DZD](OO\LQHPSLULFDOOLIHSUHGLFWLRQPRGHOLQ
IDWLJXHOLIHFDOFXODWLRQVRIFRPSRVLWHSODWHV
7KHPRGHO ILUVW KDV EHHQ LQWURGXFHG XVLQJ D SODLQ VSHFLPHQ VXEMHFWHG WR D XQLD[LDO IDWLJXH ORDGLQJ
ZKLFKDSSOLHGSDUDOOHOWRDUHIHUHQFHGLUHFWLRQU$FFRUGLQJWR)DZD](OO\LQPRGHO>@WKHUHODWLRQVKLS
EHWZHHQ WKH PD[LPXP VWUHVV DQG QXPEHU RI F\FOHV WR IDWLJXH IDLOXUH FDQ EH H[SUHVVHG E\ D VHPLORJ
OLQHDUHTXDWLRQ

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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7KH UHODWLRQVKLS EHWZHHQPD[LPXP VWUHVV DQG QXPEHU RI F\FOHV WR IDWLJXH IDLOXUH IRU DQ\ DUELWUDU\
ORDGLQJGLUHFWLRQLFDQEHH[SUHVVHGDV

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ZKHUHPLDQGELDUHWZRPDWHULDOIDWLJXHSDUDPHWHUVZKRVHYDOXHVGHSHQGRQORDGLQJGLUHFWLRQLDQG1I
LVWKHQXPEHURIF\FOHVWRIDLOXUHDWWKHDSSOLHGVWUHVV$FFRUGLQJWR)DZD](OO\LQPRGHOWKHUHODWLRQVKLSV
EHWZHHQ WKH PD[LPXP VWUHVV DQG QXPEHU RI F\FOHV WR IDWLJXH IDLOXUH IRU WKH UHIHUHQFH GLUHFWLRQ U
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,Q WKHVH HTXDWLRQV WKH QRQGLPHQVLRQDO
ODPLQD LV XQLGLUHFWLRQDO RU ELGLUHFWLRQDO
YDULHVGHSHQGLQJRQWKHQDWXUHRIWKHH[SH













IXQFWLRQV I DQG J DUH FDOFXODWHG GHSHQGLQJ RQ ZKHWK
$JDLQ WKH QXPEHU RI H[SHULPHQWDO GDWD QHHGHG LQ WKH
ULPHQWVXQLD[LDORUELD[LDO
SRVHG D UHIHUHQFH OLQH UHODWLRQVKLS XVLQJ H[SHULPHQWD
VVILEHUUHLQIRUFHGLVRSKWKROLFSRO\HVWHUDVWKHIROORZLQJ
       ORJD 7 1T ª º¬ ¼     
DWLFVWUHQJWKFRUUHODWLRQDQGILEHURULHQWDWLRQDQJOHFRUU
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ZKHUHWKHVXEVFULSWVNDQG L UHSUHVHQWWKHLWHUDWLRQDQGWKHSDUWLFOHQXPEHUVUHVSHFWLYHO\[GHQRWHVWKH
SDUWLFOH¶VSRVLWLRQYGHQRWHVWKHSDUWLFOH¶VYHORFLW\UDQGUDUHUDQGRPQXPEHUVFKDQJHEHWZHHQDQG










)DLOXUH RI DQ\ SO\ VLJQDOV LQFHSWLRQ RI IDLOXUH RI WKH ZKROH VWUXFWXUH HYHQ WKRXJK LWV XOWLPDWH ORDG
EHDULQJFDSDFLW\PD\QRWEHH[FHHGHG)RUWKLVUHDVRQWKLVLVFRQVLGHUHGDVDGHVLJQOLPLW$FFRUGLQJO\
WKHILUVWSO\IDLOXUHDSSURDFKLVDGRSWHGLQWKHGHVLJQRSWLPL]DWLRQ%HFDXVHWKHVHDUFKDOJRULWKPXVHGLQ
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&RQFOXVLRQV
)DWLJXH OLIH ZDV IRXQG WR EH YHU\ VHQVLWLYH WR VWUHVV OHYHO ,QFUHDVLQJ WKH VWUHVV OHYHO GUDPDWLFDOO\
VKRUWHQV WKH IDWLJXH OLIH7KHUHIRUHRQHVKRXOGEHPRUHFDXWLRXV LQGHVLJQLQJVWUXFWXUHVDJDLQVW IDWLJXH
IDLOXUH
:LWK WKH LQFUHDVHG QXPEHU RI GLVWLQFW ILEHU DQJOHV WKH FRPSOH[LW\ RI WKH RSWLPL]DWLRQ SUREOHP
LQFUHDVHV DV ZHOO DV WKH SRVVLELOLW\ RI LPSURYHPHQW $V VHHQ LQ WKH WDEOHV SUHVHQWLQJ WKH UHVXOWV
VLJQLILFDQWLPSURYHPHQWVLQWHUPVRIIDWLJXHOLIHYDOXHVFDQEHREWDLQHGZKHQWKHQXPEHURIGLVWLQFWILEHU
DQJOHV LV LQFUHDVHG IURP WR WZR+HQFH LW FDQEHFRQFOXGHG WKDW FKRRVLQJD KLJKQXPEHURIGLVWLQFW
ILEHUDQJOHVLVQHFHVVDU\WRREWDLQWKHEHVWSRVVLEOHGHVLJQ
$FNQRZOHGJHPHQWV
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